Emotional arousal has been demonstrated to enhance declarative memory (conscious recollection) in humans in both naturalistic and experimental studies. Here, we examined this effect in amnesia. Amnesic patients and controls viewed a slide presentation while listening to an accompanying emotionally arousing story. In both groups, recognition memory was enhanced for the emotionally arousing story elements. The magnitude of the enhancement was proportional for both amnesic patients and controls. Emotional reactions to the story were also equivalent. The results suggest that the enhancement of declarative memory associated with emotional arousal is intact in amnesia. Together with findings from patients with bilateral amygdala lesions, the results indicate that the amygdala is responsible for the enhancement effect.
Introduction
Several studies with humans and experimental animals have indicated that emotionally arousing material is often more memorable than neutral material. In nonhuman animals, the mechanism for this effect has been linked to the interaction of peripheral adrenergic systems with cholinergic, 4Corresponding author. Present address: Veterans Affairs Medical Center (V-116A), La Jolla, California 92161. opioid peptidergic, and GABAergic systems in the amygdala (McGaugh et al. 1993) . A recent study of human memory has also implicated [3-adrenergic mechanisms in the enhancing effect of emotional arousal. Volunteers who viewed an illustrated, emotionally arousing story exhibited better long-term memory for the emotional content of the story than the neutral content. However, this enhancement was blocked by propranolol, a [3-adrenergic antagonist. Recent findings from two patients with bilateral lesions apparently restricted to the amygdala have suggested additionally that the amygdala critically mediates the enhancing effect of emotional arousal on declarative memory Adolphs et al., this issue) .
Little is known about the effect of lesions to other medial temporal lobe (nonamygdala) and midline diencephalic brain structures on memory for emotionally arousing material. That is, although it is well established that such lesions impair declarative memory, it is unclear whether this impairment is equivalent for both neutral and emotionally arousing material. In addition, it is unclear whether the emotional reactions of amnesic patients are normal.
Most clinical and experimental reports of emotional reactions in amnesic patients have focused on patients with alcoholic Korsakoff's syndrome (Rapaport 1961; Talland 1967 ). These early studies described the emotional responses of such patients as abnormal. Later studies have found these patients to be sometimes less reactive to emotional stimuli than controls (Markowitsch et al. 1986 ), sometimes more reactive than controls (Oscar-Betman et al. 1990) , and sometimes normally reactive (Douglas and Wilkenson 1993) . The use of different measures and materials to assess reactivity complicates the interpretation of the results.
A few studies have examined emotional memory in amnesic patients with Korsakoffs syndrome (Davidoff et al. 1984; Markowitsch et al. 1984; Granholm et al. 1985) . Although these studies suggest that patients with Korsakoff's syndrome can exhibit enhanced declarative memory for some types of emotionally arousing material, it is difficult to draw definite conclusions from these studies because of anomalous and inconsistent results (e.g., an emotional enhancement effect on memory in patients with Korsakoff's syndrome but no such effect in control subjects), insufficient information regarding whether emotional reactions were normal in the patients with Korsakoff's syndrome, and the use of different materials across studies. In addition, none of these studies examined the critical issue of whether the emotional enhancement effect is of proportional magnitude in amnesic patients and control subjects.
To our knowledge, only one study has concurrently assessed both emotional reactions and emotional memory in amnesic patients. In that study emotional reactions and memory for a wide range of visual, emotionally arousing color photographs (both pleasant and unpleasant) were assessed in amnesic patients with Korsakoff's syndrome and amnesic patients with other etiologies (Hamann et al. 1997) . Emotional reactions were intact in the amnesic patients. Although memory was impaired overall in the patients, memory for emotionally arousing stimuli was enhanced, and the enhancement was proportional in amnesic patients and control subjects.
The objective of the current study was to examine whether the enhancing effects of an emotionally arousing narrative on memory would also occur in amnesic patients with medial temporal lobe or diencephalic lesions. Our purpose was twofold. First, we attemped to determine whether the results obtained previously by some of us (Hamann et al. 1997 ) would generalize to a more ecologically natural paradigm (involving a connected series of pictured events rather than a randomly ordered series of photographs). In addition, because the emotional story paradigm used in the current study has been shown to be sensitive to amygdala damage in humans Adolphs et al., this issue) , our aim was to obtain directly comparable data from amnesic patients by using this same paradigm. A normal effect of emotional arousal on memory in amnesia would be consistent with the view that the brain structures responsible for the effect of emotional arousal on memory (e.g., the amgydala) are distinct from the medial temporal lobe structures critical for declarative memory (Squire and Zola-Morgan 1991) .
We used the same illustrated story paradigm previously demonstrated to be emotionally arousing and also to enhance declarative memory (Heuer and Reisberg 1990; Cahill et al. 1994; Adolphs et al., this issue) . In this paradigm, subjects view a slide show, accompanied by a story narrative, which tells of a boy who is hit by a car and rushed to the hospital for surgery. Emotional arousal and declarative memory increased for the central portion of the story (which deals with the accident and surgery) compared with the initial and final portions of the story (which deal with relatively neutral events) (for the complete verbatim narrative, see Adolphs et al., this issue, experiment 2). Importantly, this emotion-associated memory enhancement has been found to be absent in two patients with bilateral lesions of the amygdala Adolphs et al., this issue) .
To examine whether the effect of emotional arousal on memory is normal or abnormal in amnesia, we presented the illustrated, narrated story to a group of nine amnesic patients of differing etiologies (see Tables 1 and 2 ) and two groups of age-and education-matched control subjects. Immediately following the story presentation, the subjects rated the strength of their emotional responses to the story. Declarative memory for elements of the story presentation was subsequently assessed with a multiple-choice recognition test. The amnesic patients (AMN, n = 9) and one group of control subjects (CON, n = 9) were tested at a short delay (2 min). Because the effect of emotional arousal on memory might differ depending simply on whether the overall level of memory was high or low (e.g., in the control and the amnesic groups, respectively), a second group of control subjects (CON-DELAY, n = 12) was tested one week after presentation of the story.
Materials and Methods

AMNESIC PATIENTS
Nine amnesic patients (six men and three women) participated in this study. Four had Korsakoffs syndrome (three men and one woman). All
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of them had participated in quantitative magnetic resonance imaging (MRI) studies, which demonstrated reductions in the volume of the mammillary nuclei (for R.C., J.W., and P.N., Squire et al. 1990 ; for N.F., L.R. Squire, unpubl.) . Five other amnesic patients were also tested (three men and two women). Two of these patients had bilateral reduction in the size of the hippocampal formation confirmed by MRI (for P.H., Squire et al. 1990 ; for L.J., L.R. Squire, unpubl.). Patient P.H. had a 6-year history of 1-to 2-min attacks (of possible epileptic origin) in association maximum score --36). The average score for copying the figure was 29.1, a normal score (Kritchevsky et al. 1988 ). The paired associate scores are the number of word pairs recalled on three successive trials (maximum score = 10 per trial). The word recall score is the percentage of words identified correctly on five successive study-test trials (Rey 1964) . The word recognition score is the percentage of words identified correctly by yes-no recognition across five successive study-test trials. The score for words and faces is based on a 24-hour recognition test of 50 words or 50 faces (modified from Warrington 1984; maximum score = 50, chance = 25). Patient N.A. is not severely impaired on the nonverbal memory tests because his brain injury is primarily left unilateral. The mean scores for healthy control subjects shown for these tests are from Squire and Shimamura (1986) . (Teuber et al. 1968; Squire et al. 1989) .
As illustrated in Tables 1 and 2 , these patients have amnesia of moderate severity. The mean age of the patients was 66 years at the beginning of the study, and they had an average of 13.3 years of education. Immediate and delayed (12-min) recall of a short prose passage averaged 5.0 and 0 segments, respectively (Gilbert et al. 1968 ; maximum number of segments = 21). The mean score on the Dementia Rating Scale was 132.8 (Mattis 1976 ; maximum score = 144), with most points being lost from the Memory subscale (mean points lost = 6.1). The mean score for the Boston Naming Test was 56.3 (Kaplan et al. 1983 ; maximum score -60).
CONTROL GROUPS
The control (n = 9) and control-delay (n = 12) groups were employees or volunteers at the San Diego Veteran's Affairs Medical Center or were recruited from the retirement community of the University of California, San Diego. The control group consisted of four men and five women selected to match the amnesic patients with respect to the mean and range of their ages, years of education, and scores on the Information and Vocabulary subtests of the Wechsler Adult Intelligence Scale (WAIS-R; Wechsler 1981). They averaged 66 years of age (range-59-76), 14.4 years of education, and 21.0 and 55.7 on the Information and Vocabulary subtests, respectively (amnesic patients -19.2 and 54.2, respectively). Immediate and delayed recall of the short prose passage averaged 7.4 and 6.6 segments, respectively.
An additional control group (control-delay) was tested after a longer delay (1 week) than the first control group to bring their level of memory performance into the range of the amnesic patients. This group consisted of three men and nine women selected in the same way as the first control group (above). They averaged 64 years of age (range = 46-76), 15.1 years of education, and 21.8 and 55.8 on the Information and Vocabulary subtests, respectively. Immediate and delayed recall of the short prose passage averaged 7.0 and 6.0 segments, respectively.
PROCEDURE
The pictorial slides used in the current study were the same 11 slides used in experiment 2 of Adolphs et al. (this issue) . This set of slides is also identical to the one used in Cahill et al. (1994) , except that the current set omits one slide that was poorly remembered by virtually all subjects (a pseudocolored brain image).
In the study phase, all subjects viewed the same illustrated story, consisting of 11 slides, and one sentence of narration on audio tape for each slide. The slides were presented on the screen of a Kodak Caramate slide viewer at a rate of I slide/10 sec. Subjects were instructed to watch the illustrated story carefully in the same way that they might watch an interesting television program. The first phase of the story (nonemotional) depicted a mother taking her young son to visit his father at work (slides 1-4). In the second phase (emotional), the boy was badly hurt in an automobile accident and surgeons struggled to save the boy's life (slides 5-8). The final phase (nonemotional) depicted the mother leaving the hospital (slides 9-11).
Immediately after the end of the slide presentation, all subjects were asked to rate on a scale of 0-10 (with 0 indicating "not emotional" and 10 indicating "highly emotional") how emotional they personally found the story to be by marking the scale at the appropriate point. Following this rating phase and, on average, -2 min after the end of the slide show, amnesic patients and control subjects were given a 76-item multiple-choice recognition test. For each question, one correct and three plausible alternative answers were listed (chance performance = 25%). The questions related to both the visual and narrative aspects of each slide (5-9 questions per slide).
The recognition questions were arranged in
Cold Spring Harbor Laboratory Press on December 18, 2017 -Published by learnmem.cshlp.org Downloaded from three groups, according to whether they referred to the first (29 questions), second (28 questions), or final phase of the story (19 questions). The order in which memory for the three story phases was assessed was counterbalanced across subjects. A brief one-sentence description was provided before the testing of each story phase to orient subjects to which phase of the story was being assessed. Within each group of recognition questions, the individual test items assessed memory for each slide in the same order that the slides had been presented (e.g., for phase 1, slides 1, 2, 3, and then 4).
Results
Emotional ratings of the story were equivalent for the amnesic patients and the two groups of control subjects, F(2,29) = 1.18, MS e = 4.01, P > 0.32. Mean emotional ratings on the 1-10 response scale = 7.6 _+ .7, 7.6 _+ 0.5, and 6.5 +-0.6 for the AMN, CON, and CON-DELAY groups, respectively (here and elsewhere, numbers following the _+ sign indicate the S.E.M.). Figure 1 shows the mean percentage correct recognition scores as a function of story phase for the CON, CON-DELAY, and AMN groups. As expected, the amnesic patients remembered each phase of the story more poorly than the CON group: ts(16) > 3.50, Ps < 0.01 for the three story phases. Recognition was better for phase 2 of the story than for phase 1 of the story in both the AMN and CON groups, although this difference fell short of significance in the CON group (AMN: t(8) = 3.80, P < 0.01; CON; t(8) = 2.09, P < 0.07). There were no other significant differences between story phases for either group: all ts < 1.09, P > 0.31. Recognition memory performance did not differ depending on the order in which the three phases of the story were tested (across all subjects, F(2,29) < 1).
The AMN group was then compared with the CON-DELAY group to determine whether the enhancement of recognition memory associated with emotion was proportional for amnesic patients and control subjects w h e n the level of performance for control subjects was brought into range of the scores obtained by the amnesic patients. The introduction of a longer study-to-test delay interval (1 week) for the CON-DELAY group was successful in bringing the overall recognition performance in this group to a level close to (albeit still slightly above) the level in the AMN group in the first story phase. Recognition memory for the CON-DELAY and AMN groups was similar for the first and third phases of the story: t ( 1 9 ) -1 . 0 2 , P > 0.32 and t ( 1 9 ) -1 . 3 5 , P>0.19. In addition, memory for phase 2 of the story (the emotionally arousing phase) was improved in both groups to a similar extent, as indicated by the lack of a Group (CON-DELAY vs. AMN)x Phase (1 vs. 2) interaction, F(1,19) < 1. Despite the lack of a Group x Phase interaction, recognition performance was higher in the CON-DELAY group than in the AMN group for emotional phase 2: 58.3% versus 48.4%, t(19) = 2.19, P -0.04.
To explore this aspect of the data further, we more closely matched the AMN and CON-DELAY groups on memory performance for phase 1 by excluding from analysis three amnesic patients who had scored very poorly on phase 1 (P.H., 27.6%; P.N., 27.6%; A.B., 34.5%). The remaining group of six amnesic patients [AMN(6)] scored 42.5% correct on phase 1 and 53.6% correct on phase 2 of the story It(5)= 3.41, P < 0.02]. The CON-DELAY group performed very similarly: 43.7% correct and 58.3% correct [ t ( l l ) = 2.92, P < 0.02]. There were no differences between the two groups (all ts < 1.1, Ps > 0.1).
Recognition performance as a function of slide number is presented in Figure 2 for the CON, CON-DELAY, and AMN groups. Overall, performance from slide to slide was roughly parallel across groups. A pronounced peak in recognition performance occurred for all three groups for slide 8, , and the AMN group (solid triangle) (n = 9). Slides 5-8 and the accompanying narrative contained more emotional content than the other slides. S.E.M. ranged from 3.7 to 8.8 for the CON group, from 3.8 to 8.4 for the CON-DELAY group, and from 3.3 to 9.3 in the AMN group. Chance performance = 25%.
which was part of the second, emotionally arousing phase of the story. This slide depicted a boy's reattached, severed legs. For all groups, recognition performance was higher for slide 8 than for any other slide. The magnitude of this peak was somewhat smaller for the AMN group compared with the CON and CON-DELAY groups. However, the subgroup of six amnesic patients, who closely matched the CON-DELAY group on memory performance in the first phase, showed a peak very similar to that of the CON-DELAY group [for AMN n -6), 53.6% on slide 8; for CON-DELAY, 58.3%]. With one exception, every subject in the CON, CON-DELAY, and AMN groups had better memory for slide 8 than for the preceding, less arousing slide (slide 7, which showed surgeons in an operating room). The one exception was amnesic patient N.F., who scored rather well on the test items that pertained to both slides (slide 7, 71% correct; slide 8, 67% correcO.
Discussion
There were four main findings: First, emotional arousal enhanced the declarative memory of both amnesic patients and control subjects. All three groups (AMN, CON, and CON-DELAY) exhibited improved recognition memory for material presented in the emotionally arousing, second phase of the story compared with the initial, emotionally neutral phase of the story. Second, as expected, the amnesic patients exhibited impaired recognition memory for all phases of the story when compared with subjects in the CON group, who were tested using the same short study-to-test delay (2 min) and experimental procedures. Yet, despite their overall impairment in declarative memory, the amnesic patients exhibited improved declarative memory for the emotionally arousing phase of the story, just as the CON group did. The AMN group was also measured against a CON-DE-LAY group, whose performance level had been approximately matched to the performance of the amnesic patients by testing after a long delay (1 week). This comparison indicated that the enhanced memory exhibited by the AMN group was proportional to the enhancement exhibited by normal subjects. In addition, when the two groups (AMN and CON-DELAY) were even more closely equated on memory performance for the first phase of the story by excluding three patients who scored close to chance, the magnitude of the emotional enhancement effect in both patients and control subjects were closely matched. Third, the findings from the phase-to-phase analysis of the story were supported by a slide-by-slide analysis. Recognition performance curves were roughly parallel for all groups, and all groups demonstrated the best recognition memory for slide 8 (severed legs). The pattern of slide-by-slide results is consistent with the results of other studies that used closely similar versions of this emotional story Adolphs et al., this issue) . Fourth, the ratings of emotionality of the story by amnesic patients and control subjects were similar, consistent with recent studies of emotional responses in amnesic patients (Douglas and Wilkenson 1993; Hamann et al. 1997) .
The proportional enhancement of memory for emotional stimuli in the amnesic patients and control subjects in the current study is consistent with the results of another recent study of amnesic patients that examined emotional reactions and memory following presentation of emotionally arousing pictures (Hamann et al. 1997) . In that study, subjects viewed 40 pictures from the International Affective Picture System OAPS; Lang et al. 1988 ) and rated each picture according to its emotional intensity (arousal) and pleasantness (valence). Emotional arousal (regardless of valence)
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